Effect of addition 0.5 and 1% of poly vinyl chloride-co-vinyl acetate (PVCV) as crosslinking agent to acrylic syrup on mechanical properties of primer was studied. Acrylic syrup made from a methyl methacrylate monomer solution of terpolymers. Terpolymers were used based on methyl methacrylate, 2-ethylhexyl acrylate and methacrylic acid. Mechanical properties including pot-life, tensile strength, elongation, water absorption, contact angle and bond strength were investigated. The results showed that the addition of PVCV to acrylic syrup improved the mechanical properties of primer due to the presence of carbon-chlorine bonds which produce the dispersion forces. However, as the concentration of PVCV increases, the mechanical properties of primer increases. The primer syrup containing 65% 2-ethylhexyl acrylate and 1.0% PVCV has good bonding strength with concrete substrate around 2.05 MPa.
INTRODUCTION
The acrylic resin Poly (methyl methacrylate) (PMMA) is used almost universally for surface coatings, adhesives, concrete, aircraft windows and thick polymer sheets [1] [2] [3] [4] . PMMA has been continuously developed and gained an important role in industrial applications [4] [5] [6] . A number of researchers have distinguished chemical modification of PMMA through bulk polymerization of MMA with different kinds of vinyl monomers 5, [7] [8] [9] [10] . Poly (methyl methacrlate-co-Butyl methacrylate) was prepared by bulk polymerization in presence of azobisisobutyronitrile as an initiator and confirmed the structure by using Fourier transform infrared spectroscopy. The obtained copolymers were investigated via TGA, DSC and SEM. The results showed that, the physical and mechanical properties of copolymer increased with increasing the ratio of MMA in the copolymer 11 . The Poly (methyl methacrylate-co-styrene) was prepared by bulk polymerization in presence of tetraphenyl bisphosphine as initiator. The yield of polymerization was up to 15% for polystyrene and up to 62% for PMMA 12 . Negim at el., 13 studied physico-mechanical properties of acryl syrups which are made from poly (methyl methacrlate-co-Butyl methacrylate) and MMA monomer. The effect of copolymer powder to MMA-monomer ratio on the physico-mechanical properties acryl syrup mixes for paint applications was investigated. Testing included pot-life, curing time, viscosity, tensile strength, elongation, water absorption and hardness shore A. The results showed that, not only monomer composition of the copolymer but also the ratio of copolymer to MMAmonomer affected the physico-mechanical properties of acrylic films. The tensile strength, hardness, pot-life, curing time and hardness of the acrylic film increased with the increase of the MMA ratio in copolymer and decrease content of copolymer in acrylic syrup mixes. The physical and mechanical properties of acrylic primer containing acryl syrup and benzoyl peroxide as an initiator were investigated 14 . Acryl syrup consists of Poly (methyl methacrylate-co-2-ethylhexyacrylate-comethacrylic acid) and MMA monomer. The results showed that, increasing the amount of MMA in terpolymer backbone, increased tensile and contact angle of primer films while elongation at break, water absorption and bond strength are decreased. In particular, the primer syrup containing 65% 2-ethylhexylacrylate have good bonding strength with concrete substrate around 1.1 MPa. In the present work acryl syrups consist of Poly(methyl methacrylate-co-2-ethylhexyacrylate-co-methacrylic acid), MMA monomer and poly(vinyl chloride-covinyl acetate) and the effect of poly(vinyl chlorideco-vinyl acetate) as crosslinking agent on the physico-mechanical properties of primer for concrete substrate application.
EXPERIMENTAL

Materials
Methyl methacrylate (MMA), 2-ethyl hexyl acrylate (2-EHA), methacrylic acid (MAA) monomers, 2,2 \ -azobis (2-methylpropionitrile) AIBN (initiator), poly (vinyl chloride-co-vinyl acetate) (PVCV), solvents (ethanol and diethyl ether), N, Ndimethyl-p-toluidine (NDPT), benzoyl peroxide (BPO), sodium hydroxide (1N) were purchased from Fluka.
Synthesis and characterization of terpolymers
Terpolymerization of MMA, 2-EHA and MAA monomers were carried out by using bulk polymerization techniques at various monomers ratios (M1=65: 30: 5) wt.%, (M2= 75: 20: 5) wt. %, and (M3= 80: 15: 5) wt. %, respectively using ABIN as an initiator. The preparation of terpolymers and the methods of analysis (FTIR,   1 H NMR, TGA, DSC and SEM) have been previously described in a previous investigation 14 .
Primer film formation:
Primer syrups were produced by dissolving terpolymers powder (M1, M2 and M3) into MMA monomer at normal temperature (25 o C) to maintain the primer syrup at 15%, respectively. The viscosity of the primer syrups increases noticeably in few minutes due to partial dissolution of particles of terpolymers, in addition to the conversion of the monomeric MMA into polymer chain 8, 11, 12 . In mixes M1, M2, and M3, 0.5 and 1.0% of PVCV were added respectively. Then, primer films (M1, M2 and M3) were prepared by casting the primer syrup after mixing with initiator BPO and accelerator NDPT, which was added at 2.0 part and 1.0 part per hundred (pph) of terpolymers to mixtures respectively, on leveled surfaces and allowing them to dry to dry at 60 o C, for 2 hours.
Measurements
Pot-life and cure time tests were according to DIN EN ISO 9514 15 and ASTM D5895-03 16 , respectively. Pot-life and curing time measured by mixing 100 g of primer syrups with BPO and NDPT in a small container at room temperature 25 o C. Timing begins when start mixing and ends when the material become gels is pot-life time and ends when materials become completely drying is called cure time. The tensile properties of the terpolymer cast films were measured by using MTS 10/M tensile testing machine at a crosshead speed of 50 mm/ min. The tensile test specimen is made in the shape of a "dog bone" and fixed into clamps on a machine that will pull it apart from each end. This test continues until a fracture appears. An average of at least four measurements was taken, and the 1-kN load cell was used. Shore D hardness was measured using an indentation hardness tester according to ASTM D2240-75. Dynamic wetting tests were performed on a Camtel CDCA-100F dynamic adsorption apparatus (Camtel, UK). Each sample was cut to a size of 1 cm× 5 cm with sharp scissors. When the specimen was immersed into water for 6 months, the weight of adsorbed water was detected and recorded. The dynamic water adsorption was plotted as a function of feed composition of monomers. A universal Testing Machine (DCS-500, Shimadzu Crop, Kyoto, Japan) at a crosshead speed of 0.5 mm/min., was used to conduct the bond strength test [17] [18] [19] [20] [21] [22] [23] . The calculated bond strength was determined by dividing the force at which bond failure occurred by the bonding area.
RESULTS AND DISCUSSION
Structure of terpolymers
The structure of terpolymer based on MMA, 2-EHA and MAA is shown in Scheme 1. Terpolymers in three different ratios 30: 65: 5 (M1), 47.5: 47.5: 5 (M2) and 65: 30: 5 (M3) were prepared in presence of ABIN as an initiator using a free radical technique. Acrylic syrups were prepared with 15 wt.% terpolymer and 85 wt.% MMA monomer and used as primer for concrete substrate. The pysicomechanical properties of primer have been previously reported by Negim et al., 14 the results showed that the properties of primer increased with increasing the amount of MMA in terpolymer backbone. However, the best terpolymer composition, which produces primer with good bond strength with concrete substrate, was 65 wt.% of 2-EHA. Pot-life is the amount of time it takes for an initial mixed viscosity to double, or quadruple for lower viscosity and will not change within an application. Pot-life of primer syrups (M1, M2, M3) mixed with different ratios of PVCV (0.5 & 1.0%) as crosslinking agent is shown in Fig. 1 . The pot-life of primer syrups varied from 9 to 30 min. for 0.5% PVCV and from 3 to 19 for 1.0% PVCV with increasing the content of MMA in the primer syrups from 65 to 80 wt%. As expected, and in agreement with previously reported results by other authors 14 , pot-life decreases with increasing MMA. However, pot-life of primer syrup decreased sharply with increasing PVCV from 0.5 to 1.0%. Pot-life can act as a guide in determining cure time of primer syrups by providing a rough timeline of viscosity growth. Figure. 2 shows the effect of PVCV content on the curing time of primer syrups at room temperature. The curing time decreased as the MMA content increased in primer syrups. However, a shortest curing time was obtained when added 1.0 % PVCV to primer syrups. The shortest curing time was due to crosslinking agent of PVCV. In general, pot-life and cure time of primer syrups depend on many factors such as catalysis, temperatures and crosslinking agent 24, 25, 26, 27 . Contact angle measured by producing a drop of liquid on the surface of dried primer film. Contact angle measurement of films provides more information of wettability, hydrophilicity and hydrophobicity of a surface of dried film. For example, a drop of liquid with a contact angle more than 90 o is hydrophobic and a drop with contact angle less than 90 o is hydrophilic 28 . The effect of crosslinking content (PVCV) on the contact angle of dried primer films is shown in Fig. 3 . The contact angle increased as the content of MMA increased from 65 to 80 wt% as in the study reported in reference 14 . However, contact angle of dried film primer increased with the addition of PVCV to primer syrups as crosslinking agent. Furthermore, contact angle of film primer in presence of 1.0% PVCV was more than that in case of 0.5% PVCV. It can be seen in the Fig. 3 that the contact angle of primer films is more than 90 o , means that, the surface of primer films is poor wetting, hydrophobic and completely drying. Table. 1 shows the effect of PVCV content on the mechanical properties of film primers. As shown in this Table, with increasing MMA content in primer syrups, mechanical properties including tensile strength, hardness increased and elongation at break decreased. From Table. 1, it was observed that tensile strength and hardness increased with increases in PVCV content. For polymers, it is known that the mechanical properties are sensitive to the crosslinking content 29 . Primer syrups mixed with 1.0 % PVCV gave the highest tensile strength (405.1 kgf/cm 2 ) and hardness (90) (M3) while primer syrup mixed with 0.5% PVCV showed tensile strength (350.8 kgf/cm 2 ) and hardness (85) M3. The increase in mechanical properties is attributed to crosslink between PVCV and terpolymer due to the formation of a long side chain and formation network crosslinking films. The same behavior was reported by Vakil and Martin 30 when they studied the effect of crosslinking agent on the physical and mechanical properties of epoxies. Adhesion of the primer is importance for success of painting process of concrete substrate.
For example, concrete is very porous and will absorb the solvent from paint and drying the paint prematurely. Fig. 4 , shows the effect of PVCV content on the adhesion strength between primer syrup and concrete substrate. The results showed that sharp increase in the bond strength with increasing 2-EHA in primer syrups. However, the bond strength between primer and concrete substrate increased with addition of PVCV as crosslinking agent. From Fig. 4 , it can be seen that the surface layer of primer mixed with PVCV exhibits excellent adhesion to the concrete substrate. This is attributed to the role of C -Cl bond in PVCV is to provide good surface adhesion and crosslinking with concrete substrate. Further more, an increase in bond strength with increasing the PVCV content in the primer syrups. As expected and in agreement with previously reported results by other authors 31 .
CONCLUSIONS
The mechanical properties of primer films containing acryl syrups and PVCV as crosslinking agent were investigated. Acryl syrups were terpolymer of MMA, 2-EHA and MMA in three different ratios, about 30: 65: 5, 47.5: 47.5: 5, and 65: 30: 5, respectively. Based on the experimental results, the following occlusions can be drawn:
1.
Incorporating PVCV as a crosslinking agent increases pot-life, curing time, tensile strength, hardness, contact angle and bond strength between primer and concrete substrate and decreases elongation at break.
2.
Increasing the PVCV content in primer syrups, increasing mechanical properties of the primer due to the role of C -Cl bond in PVCV is to provide crosslinking and network structure films. 3.
Contact angle of film primers are more than 90 o and films are hydrophobic.
4.
The primer showed excellent adhesion with addition of PVCV to primer syrups as crosslinking, especially primer containing 65 wt.% 2-EHA and 1.0 wt.% PVCV.
